ABSTRACT Summary: ProSAT (for Protein Structure Annotation Tool) is a tool to facilitate interactive visualization of non-structure-based functional annotations in protein 3D structures. It performs automated mapping of the functional annotations onto the protein structure and allows functional sites to be readily identified upon visualization. The current version of ProSAT can be applied to large datasets of protein structures for fast visual identification of active and other functional sites derived from the SwissProt and Prosite databases. Availability: http: // projects.villa-bosch.de / mcm / database / prosat/ Contact: razif.gabdoulline@eml.villa-bosch.de
Protein structures are being determined with increasing speed. Consequently, automated and fast bioinformatics tools are required for exploring structure-function relationships in large numbers of proteins. These are necessary both when the function has been characterized experimentally and when it must be predicted. Predictions are most commonly based on analysis and comparison of protein sequences. Therefore, sequence-based functional annotations need to be mapped to protein 3D structures and analyzed by visualization tools.
A simple question about the location of functional residues in a protein 3D structure can usually be answered by using a combination of existent programs. But most of these require considerable time to learn how to use and a sizeable amount of manipulation. In this context, we have developed a specialized protein structure annotation and visualization tool called ProSAT aimed at aiding scientists in fast, automated analysis of the functional properties of protein 3D structures.
ProSAT is a tool for automated mapping and interactive visualization of non-structure-based functional annotations in protein structures. Functional sites are readily identified upon visualization, permitting rapid analysis as well as providing * To whom correspondence should be addressed. the basis for detailed structural and functional analysis of a given protein structure.
Currently, the annotations are of two types: (i) SwissProt (Bairoch and Apweiler, 2000) sequence annotations (active site and binding), http://www.expasy.ch/sprot/, and (ii) Prosite (Falquet et al., 2002) predictions of sequence patterns and feature/functional sites, http://www.expasy.ch/prosite/. All Prosite patterns are mapped to the 3D structures, including the abundant patterns (patterns with a high probability of occurrence). The false positives listed in the Prosite database are filtered out.
To map a SwissProt sequence annotation to the correct part of a given structure, an alignment of the sequence in the structure file and the corresponding SwissProt entry sequence was performed using the bl2seq routine of the (NCBI) Blast program (Tatusova and Madden, 1999) . This procedure also permits mapping of SwissProt annotations to structures of homologous sequences. To map Prosite predictions to a given structure, the sequence motifs in the structure file were found with the ppsearch program of R. Fuchs (downloaded from ftp://ftp.ebi.ac.uk/pub/software/).
ProSAT has been applied to all structures in the PQS database (http://pqs.ebi.ac.uk/) excluding non-protein and virus structures-this resulted in 13895 entries in May 2002. The corresponding SwissProt identifier (ID) for each structure was obtained from http://www.imbjena.de/ImgLibPDB/pages/SWP/index.php. We found that the combination of SwissProt and Prosite annotation gives some functional information for the majority (70%) of protein structures. For almost all the remainder of the proteins, Prosite patterns with a high probability of occurrence are present, indicating sites such as potential post-translational glycosylation and phosphorylation sites.
Several web-servers have capabilities for displaying sequence-based annotations on protein structures. These include the IMB Jena Image Library of Biological Macromolecules (Reichert and Sühnel, 2002) , MMDB (Wang et al., 1999) , PDBsum (Laskowski, 2001) , Prosite in PDB: eF-site (Kinoshita et al., 2001) , STING (Neshich et al., 1998) and SRS3D (Schafferhans et al., 2003) . One of the distinguishing features of ProSAT is that the user has a choice of several non-commercial molecular visualization programs that are interfaced to ProSAT for viewing annotations (see Fig. 1 ). At present, these are Mage/Java Mage (Richardson and Richardson, 1994) , Rasmol (Sayle and Milner-White, 1995) , Protein Explorer (Martz, 2002) , and Webmol (Walther, 1997) . The user is required either to select a protein structure from the PDB or to input a structure file in PDB format and, optionally, a related SwissProt ID or AC.
